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ABSTRACT ooiimizaiion methodology, and „ 

as those values thai cause the minimal energy ™ sor P"° calculated the energy 

'photoresist thicknesses. To find optima, optical condu.ons - using , 1U 

absorbed in a phoiores.st for continuously d»ff C ren^ ARC °P ?of v „ iou5 ?n0l0 res,st 

thin-film interference simulator based on the main, me aR(; , 

thicknesses. As an application resu is 0 ™ ^ s ?or » lun/sien s.iicidc (W-Si) 

sssr ^ch^ £h r '"nc^c-r s rax- ^ ^ 

searched for a practical materia, to ; be used as an ARC . .hose 
were closesi to the opiimal conditions. From these results. »e m ou opaim-l optica; 

— 31 S'?RC'W si ^nSn/ 1 ^. a phoior= S! si absorption 

vSroft21* ^out'llc -s reduced to less than s |% with S C. we . opUm :, ed the 

F naUv in order to achieve an ARC performance on a ua cv £ concllio ns. 

S,c 7ef active index as an ARC for W-Si substrain , usm S va nous ^« C 
as a result, we obtained a h.gh performance ARC for * Si sua s 
variatior of C.llpm without SiC was reduced 10 less than 0.0:ux wuh S.C 

1. Introduction h _ ^.^ 

Thin-fiim interference effects in photoresists are wcil J^T - , - ? , j ™" * ffcci" chances 
.oiochromatic illumination exposure .ools. ^ "JP^ ^ ^ 

r n -. dih'nuaJar.onm. Thus, accurate line-width retire ; n 

SI efttt In the current status of KrF excimcr '«er hihograp^ .his and 
sencu issue with highly transparent photoresist, wh.ch > c.djh - ; s r5g:5K is 

■n-st vesica: profiles, because ihc rcfraci.vc index of .h. SJOS.r... ► 
^ - .- n ha, fo- - or i-iine lithography, and as a resu!:. as sn-.... h ap. ; n- - 

;,;" : cS;:; "from the substrate are strong. Ann- reflective e h.^e, ...... 

-o-.an'c c: o:«ni= thin Him are well known processes » '^ l -;;„ l "--^ r .. d - <1 .;. 6 .7;. a 
S photoresists. Although many organic ARC have aire ac> ..... e f - ? Ki 

• performance 2nd theoretically optimized morgan* ARC -h^h . . ^hoeraphy 
'-Mm in Rivie'-h criteria has not been reported. Tnerctorc. =0. ^- rr *- - . 
:r cecoce a Vracticai toe! for device production, a higr. penonr.-r..-. -Re - 

. j _ _ 
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2. ARC Optimization 
In this section, we describe the theoretical method for high performance inorganic ARC 
optimization. In particular, we investigate on ARCs ideal optical conditions which minimize 
the energy absorption fluctuation in photoresist for phoioresist thickness variation using a 
simulator for a multilayer thin-film. 



2.1. Simulator for a multilayer thin-film 

A computer program has been developed to calculate reflectance, transmittance. and 
absorption of a multilayer thin-film. Figure 1 shows a schematic view of a multilayer thin- 
film. In this figure, there arc m layered materials where the 0-th layer is assumed to be air 
and the m-th layer to be a substrate. Lj is the thickness of the "j-ih layer and Nj is the 
complex refractive index of which the real pan is nj and the imaginary pan is -kj, i.e. Nj = 
nj - ikj. The program calculates reflectance, iransmittance. and absorption when light of 
wavelength X enters the multilayer thin-film with incident angle 00. 

According to Maxwell's equations, at the boundary of different materials, the electric and 

magnetic field normal to the boundary surface are continuous. So. the electric field Ej 

normal to the interface between the j-th -and- (j+l)-th layer can be defined. In the same way. 

the magnetic field Hj normal to the j-th interface is also defined. These fields Ej, Hj satisfv 
equation (1)18}. 



. H j-l j [ iNjsin <t>j 



H 



(i/Nj)sin Oj 
cos <J>j 

n j and <t>j in this equation are defined respectively as follows: 

(p-polarization) 



■-(1) 



cos Oi 



or Njcos <J>j (s-polarization) °j s ^NjLjeos <t>j 

, and 

And Oj is evaluated using: 



Njsin = nosin O 0 
In the m-th layer, there arc only transmitting waves, consequently. 

E m ., = 1_ 



■••(2) 



Using equations (1) and (2). the fields Ej, and Hj are determined from the tm-lj-ih interface 

to the 0-th interface. Once the fields at each interface are determined. :he reflectance R 

iransmmance T and absorption of the j-th layer Aj are calculated using the foilcwins 
equation. 



R = 
T - 



I Ep- (Hp /np) 1 
!E 0 +(H 0 /Ti5) I 

|noliE 0 + (H 0 ni^P 
^[E H H;. l ]-Re[EjH]: 
mo/ 4) | E 0 + (Ho/Tio )F 



Ficurc 2 shows a comparison between calculated resist absorption and remaining 
Photoresist thickness after exposure, i.e. experimental results. Matching condition are 
shown in Table 1. For the matching test, the indices of refraction at .-Snm tor XPSS-o 
ohoiorcsist (n=l.SC2. k=0.0ll). and a bare silicon substrate (n=1.572. k=3.583) were measured 
: s -ng a spectroscopic ellipsometer. The remaining photoresist thickness alter exposureo 
with constant dose for various photoresist thicknesses varies due to thm-:ilns interference 
effects When cnergv absorption in XPS843 photoresists arc high, the remaining pnotorcsist 
thickness after exposure are thick, because XPS843 is a negative photoresist. As snown ;n 
Figure 2. calculations and experiments shows good agreement. 

"■2. Design specification for ARC v 
" To obtain a quantitative specification for high performance ARC optimization in -Kr. 
excimer laser lithography, critical dimension variations caused by photoresist absorption 
fluctuations were investigated. 

Ficurc 3 shows calculated photoresist thickness versus normalized photoresist absorption 
,nd measured critical dimensions for nominal (a) 0.50am L/S. (b) 0.*0u.m L/S. and ic) p^jnun 
L/S The exposure tool for imaging was a Nikon KrF excimer laser stepper NSR-l-O^tXi 
(>^Snm NA:0.-2, 21.2mm diameter lens) equipped with a Cymer CX-2LS laser. The 
-holoresisi used was Shiplev XP8843 chemically amplified negative photoresist, coated on a 
Silicon substrate. Both dense and window patterns were imaged cn vanous phcioresist 
Sicknesses, and maesuremcnts were then performed by a SEM a; best locus. As snewn in 
•--is figure, when the K! factor in Ravlcigh criteria decreases. th;n-film mtericrence 
-Vets* in photoresists occur more readily and critical dimension variation increases. 
Accordingly, in the design of an ARC, the target Kl factor must be ;aken into consiocranon. 

Figure 4 shows normalized critical dimension versus normalised photoresist absorption 
•or nominal 0.50u.m L/S. O^Oum L/S. and 0.35u.m L/S patterns, ihis figure is ootamca iron 
-r.alvzing Figure 3. The figure suggest that, if critical dimension control is requires ;o pe 
w : ihin -^^for a nominal line-width, photoresist absorption tolerances arc require^ to z>z 
within -6 59c. z^c r3%. for 0.8*7. 0.677. 0.593 Kl factors respectively, as shown sr. i aoic 
Moreover, notching phenomena due to halation [9] from various step heights and siocwar.s 
or substrate filrr.s^ .hickness variations are serious issues in actual device faoncauon 

In the research and development- of 0.35um rule devices, even if a KrF excimer Jaser 
stepper is used as iithocraphy tool, which has 0.37 to 0.45 NA. the Kl lactor is as lew a< * .3* ic 
C.6*. In device fabrication under the constraint of a low Kl factor, a mgn pcriormar.ce AkC 
corresponding to such low Kl factors arc required. 

From the above discussion, in the current status, maximum photoresist absorption 
tolerances arc required to be less than z3% for high accuracy iinc-wid;r. control at low Kl 
factors and an ARC is required to satisfy this tolerance level. 

2.3. Inorganic ARC design concept 

WUhcuf an ARC. thin-flim interference effects in photoresists are dependent upon eacr. 
'.avers refractive index a: exposure wavelength The vaiue cf the refractive snccx .5 nxed 
-hen a specific materia! and device structure is defined. On the other hand, as sivc^i; :n 
Figure 5. when in ARC is placed between the photoresist and the substrate, ihin-inrn 
interference effects in the photoresist are affected by ihc refractive incc.v and :h:cl:n*?s oi 
ARC. The optimal optical conditions for the ARC. refractive ir.cex n -rea; 1'. 
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(imaginary pan), and thickness d. arc defined as those values thai cause the minimal 
energy absorption fluctuation for a variation in photoresist thickness. 

To find the optimal optical condition as an ARC. the following new methodology was 
adopted. 

1. For a given photoresist and ARC thickness, calculate the energy absorption in the 
photoresist as a function of the continuously varying values of the complex refractive 
index of the ARC. 

2. Change the values of the photorcsisi thickness and perform pan 1 again. 

5. Compare plots of cqui-encrgy-absorption contours for the various photoresist 
thicknesses, and obtain common regions or closest points where the difference in 
energy absorptions are low. 

4. Carry out pans 1 to 3 for other ARC thicknesses. 

5. Determine the optimal refractive indices n and k for various ARC thicknesses d. 

This methodology gives one direction for optimizing an ARC for some target substrate. 
Using this method, for any given substrate and ARC thickness, the optimal optical 
conditions can be determined. Moreover, even if the exposure wavelength is changed, the 
methodology does not change. In this case, the values of refractive indices of the 
photoresist, substrate, and various films need only be determined and the simulations once 
again performed with these new parameters. Therefore, this concept is novel methodology 
for ARC optimization. 

As an -application of this method, an inorganic ARC for tungsten silicide (W-Si) substrates 
was optimized. Imaging on W-St substrates is especially difficult due to its high reflectivity 
when using a KrF excimcr laser stepper. Additionally, high resolution patterning is usually 
required on ihesc substrates. For this simulation, the ~ refractive indices of the W-s'i 
substrate and XP8843 chemically amplified photoresists at 24gnm were measured by a 
spectroscopic cHipsometcr and found to be n=1.96, k=2.69 and n=i.S02. k=0.011 respectively. 

Figure 6 shows some calculations of equi-energy absorption contours for four different 
photoresist thicknesses. The values of absorption are indicated near each cqui-encrgv 
contour. In the simulation study performed, two common regions, indicated bv the open 
circles in these figures, indicate the optimal points for a 30 run thick ARC. The refractive 
indices of these two regions are n=2.15. k=0.67 and n=4.90. k=C.10. 

Figure 7 shows simulated thin-film interference effects in XPS843 photoresists both with 
(Figure 7b and 7 C ) and without an ARC (Figure 7a) for the two refractive indices shown 
above using a 30nm thick ARC. A photoresist absorption variation of =2 19c in swine ratio 
wuhcut an ARC was reduced to less than ±2% using an ARC with a refractive index of r.=2.1f. 
k=0.67 (Figure 7b) and less than = 1.5% using an ARC with a refractive index of n=4 90 k=0 10 
(Figure 7c). 

Figure 3 shows the optimal ARC optical constants n and k for various ARC thicknesses d. 
Materials that satisfy the optimal optical constant curves indicated in this figure are 
appropriate as a high performance ARC for a W-Si substrate. 

2.^. Material survey 

Tc find a practical material whose refractive indices were closest to cither of the optimal 
op;:cal conditions shown in Figure 8. the refractive indices of various thin-films were 
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measured using a spectroscopic cllipsomctcr and subsequently searched for in the available 
literature! 10). 

Figure 9 shows measurements and checking results for refractive indices at 2-Snm. A 
new and practical material for optical lithography was able to be found from Figure S and 
Figure 9. The refractive index of Silicon Carbide (SiC) was listed as being n=3.17, k=0.22 in 
the literature. This value with a 50nm thickness satisfied condition (2) in Figure S 
completely. Therefore, a 50nm thick SiC Him matched the optimal optical condition as an 
ARC for W-Si substrates. 

Figure 10 shows the performance of the SiC film as an ARC for W-Si substrates as 
determined by simulation. Without the SiC film, the value of energy absorption fiuc;uated 
by ±21%. On the other hand, using a 50nm thick SiC film, thin-film interference effects arc . 
reduced to only ±1%. Therefore, SiC films is advantageous materia! as a high performance/ 1 . 
ARC for W-Si substrates. 



3. Evaluation of actual SiC film 
In this section, we describe optimization results for refractive indices of actual SiC film as 
an ARC. Then we report the evaluation results for an optimized SiC film for W-Si substrates 
using a KrF excimer laser stepper Nikon NSR-1505EX1 (NA=0.42. 21.2mm diameter lens) 
equipped with a cymer CX-2LS laser and Shipley XP8843 chemically amplified photoresist. 

3.1. Optical characteristics 

In order to achieve the results shown in section 2.4, SiC films were deposited with various 
ECR Plasma CVD conditions. Subsequently, the refractive indices of the various oi\» iiirns 
were measured using a spectroscopic ellipsomctcr. 

Figure 11 shows the refractive indices for the various deposition conditions. The 
refractive indices of the SiC films were strongly affected by the mcie ratio in the source £25 
and weakly affected by the microwave power and gas pressure, increasing the mole :iuc of 
SiH4. the refractive indices changes from 1.6 to 2.65 (real pan) and from C.25 :o :.c 
{'imaginary part). 

The optimal optical condition for the actual SiC was determined both b v u 1 1 1 1 z i n 2 t n c 
above results and a refractive index of n=1.93, k=2.73 for W-Si differed slightly that shown 
ir. section 2.3. and by utilizing a simulator for multilayer thin-films. Cor.sccucrr.Iy, these 
values, rea! pan n=2.36. imaginary part k=0.53, and thickness d=23.Snrr., were adopted as a 
practical optimal ARC condition for W-Si substrates. Figure. 12 shews ;he spectroscopic 
characterization of this ARC'S refractive indices. 

3.2. ARC performance . 

Figure !3 shows calculated photoresist absorption both with and w;ir.e-ui the practical SiC 
film. In this figure, the photoresist absorption fluctuation of z2) c c without :he SiC film was 
rcz-ced to less than - i.STc with the SiC film. 

Figure !- shows the optimized SiC film performance as an ARC for a fiat W-Si sub: irate. 
Th:s figure shows ihe photoresist thickness versus critical dimension for r.orr.ir.i! ai 
O.fOum L/S. (b) O.-iSum L/S. fc) 0.40t:m L/S. and (d) 0.35um L/S. in this figure, both der,?c and 
window patterns are indicated by the circles, however the solid black circles :nd';:a:e hew 
:hc rritica: dimension varies without the SiC fiim and the open circles indicate the :r;i!:ai 
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dimension with the SiC film. With the SiC film, even for 0.35nm feature sizes the critical 
dimension variation was reduced to within 0.02um. as shown in Table 3. 

Figure 15 shows the optimized SiC film performance as an ARC for W-Si substrates with a 

3 4 n M X k S / CP hC18hl , iS half pcriod of lhc swin 8 curvc " This fif-fe shows ,op view 
t^ g Ih P h n K° m,n c^ denSC paUcra °- 50 ^ m L/S " °- 45 » m L/S - L/S. and 035um 

US both with and wuhout S.C films. With SiC films, these patterns were accep ablv resoIvS 
without notching phenomena or scum. Even for 0.35,tm features, as shown in Table" the 

rcometrv ,m c\ n nlrol. Var,aU ° n ° V " SlCP$ redU " d 10 wUh(n ° 035 ^ m - Th5s rcsulls in % 

,„ T A h pr £ U w c ndiC3 ,! e lh2t aCCUralC linc - width control can be achieved with a SiC film as 
an ARC for W-S. substrates. Add.tionally. these results proved that the methodology shown 
here to be useful for practical applications. 

4. Conclusions 

To control thin-film interference effects in photoresists effectively, we developed a 
novel optimization methodology for a high performance ARC. As an application of the 
methodology, we showed ideal ARC optical conditions for W-Si substrates using KrF excimer 

EE. lh°v graP ^; h lr°°rf that 8 SiC f,lm wiU bc a novcl and P raciical for S3 

luhography. With Si C films, even if highly .ransparent photoresists were used for fine 
geometry; imaging on W-S, substrates with a Kl factor less than 0.6. thin-film interference 
effects in photoresists are drastically reduced. This methodologv also can be ppl ed for 

SfL'Th 81 h ' gh,y rC ? eClivC ' ayCrS re 0 uirin * hi * h '«° lu ' lion P«i«n.io, aT P ow K 

factors. Therefore we confirmed that by controlling thin-film interference effects in 
photoresists with the methodology shown here for ARC optimization. KrF exemer User 
lithography w.ll become a practical lithography tool for device produciion. 
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Table 1. Matching Condition 

Resist : XP8843, 

ns1.802.ks0.011 

Substrate : Bare SI, 

nsl.572, k=3.583 

Exposure : KrF excimer laser stepper 
NSR-1505EX1, k= 248nm, 
NA 0.42 

Dose : l0mj/cm A 2 



Figure 1. Schematic view of multilayer thin-film. 
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Figure 2. Resist thickness versus resist 
absorption (calculation) and 
remaining resist thickness after 
exposure(experiment). 
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Figure 3. Simulation results of resist thickness versus normalized resist absorption {solid-line) and measured 
normalized critical dimension ( open circles ) lor 0.50umL'S(a), O.-sOumL'Sfb). and 0.35umLSlC 
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Table 2. Tolerance of variation in resist absorption 



Pattern Size 

K1 Value 

CD Specifi- 
cation (%) 

Resist Absorption 
Tolerance (Vo) 



O.SOum US 0.40un L'S C.35umLS 
0.847 2.o77 0.593 



Figure 4. Normalized critical dimension versus 
normalized resist absorption lor 
0.50um L'S, 0.40um L'S, and 0.35um L'S. 
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Figure 6. Calculated eaui-contour line of available ono,. u *k 
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Figure 7. Resist thickness versus 



resist absorption lor W-Si substrate with anc witnout optimal ARC. 
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Figure 8. ARC thicknesses for W-Si substrate versus 



optimal refractive indices, real partia) and imaginary 3 artib) 
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Figure 9. Refractive Indices at 248nm. 
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Figure 10. Thln-fllm Interference effect*, 
wrth and without SIC. 
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Figure 11. Optical characterization 
for deposition condition. 
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Figure 12. Wavelength versus real pari(a) and imaginary part(b) of refractive index for optimized SiC film. 
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Figured. Resist thickness versus resist 
absorption lor with and 
without actual SiC film. 
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Table 3. ARC periormance tor W-Si substrate 



geometry (Kt value) 
0.50um US (0.85) 


on fiat 
without ARC I 

0.092 
( = 9.2 % ) 


waler | 
with ARC 1 

0.018 | 
( = 1.8%) I 


r>n <rti»p water 

without ARC I with AnC 
0.088 0.026 
f-^8.8%) ( = 2.6%) 


0.45um US (0.76) 


0.104 '■ 0.012 
1.11 r^^I ( = 1.3%) 


0.088 i 0.028 
(±9.8%) ! ( = 3.5%) 


0.40um US (0.68) 


0.114 
( ± 14.3%) 


I 0.017 
I ( = 2.1 % ) 


0.088 | 0.035 
(-11.0%) f =4.4%) 


0.35um US (0.59) 


0.123 I 0.017 
r- 17.fi %t i (±2.4%) 


scumming 0.032 
( xxxxxxx ) ( z 4.C % ) 



{ unit : urn ) 
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BEST AVAILABLE COPY 



Without SiC 



0.50um US 
( K1 = 0.85 ) 



0.45um US 
( K1 = 0.76 ) 



0.40um US 
(K1 =0.68) 



0.35um US 
( K1 = 0.59 ) 




With SiC 




(Condition ) 



Substrate : With and Without SiC (24nm) on W-Si, 
Step Height :35nm t 

Resist : XPB843. 0.95umt f 
Exposure : NSR-1505EX1, U248nm, NA 0.42. 



Figure 15. ARC performance for W-Si substrate 
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